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Abstract. The main goal of the present study was to isolate DNA both experimental and 
commercial wines in order to differentiate some Romanian grapevine cultivars (Tămâioasă 
Românescă, Galbenă de Odobeşti, Fetească Neagră and Busuioacă de Bohotin) by PCR using wine as 
a sample. Extracted residual grape DNA quality and specificity were verified using co-dominant 
simple sequence repeat (SSR) markers (VVS2, VVMD27, VVMD5 and VVMD7). The results 
obtained in this research shows that even 18 months after wine fermentation could be detected residual 
DNA that can be suitable for DNA fingerprinting. The 12-month-old experimental wine samples were 
more amplified than the 18-month-old ones. Among the microsatellite tested, VVS2 and VVMD7 
gave satisfactory results. The VVS2 marker, which generated the shortest PCR amplicons (119-138 
bp), amplified all of the cultivars analyzed in the wines samples. In case of commercial wines 
authentication of grape material by PCR using wine as a biological material was unsuccessfully due to 
insufficient amount of residual DNA in samples analyzed.         
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INTRODUCTION 
  
Romania is an important European viticultural country, with a millenary tradition 
concerning grapevine cultivation. Since wine quality and value are depend on the grapevine 
cultivars used, it is of great importance to be able to detect and identify the grape cultivars 
present in musts and wines. On the other hand, national and European Union severe 
normative regulate the production and commercialization of high quality wines marking them 
with certification labels (Loi et al., 2007). 
Counterfeiting of wine has occurred for centuries, but sience the 1990s both rumors of 
counterfeit wines and cases of fraud associated with wine increased drastically. For this 
reason, a variety of testing methods were developed to ensure the authenticity of wine: 
traditional methods of inspection, chemical assays such as stable isotope analysis, 
chromatography, mineral content analysis and DNA fingerprinting.    
Current opinion of scientific community considers a bottle of wine like a forensic or 
ancient sample because the DNA is extremely degraded during technological process (Loi et 
al., 2007). As DNA testing methods become quicker and less expensive, its application for 
forensic scientists and food quality researchers continue to expand. 
In the case of wine, the DNA fingerprints were developed based on the particular 
grapevine cultivar that was used to make the wine. Samples can be taken from grapevine to 
create a DNA fingerprint and this can be compared to wines to determine the type of grape 
that go into creating a specific wine (Murfin, 2010). For example, in 2001 an Australian wine 
company, BRL Hardy (re-named Accolade Wines from 27 June 2011) began labeling their 
wine with ink laced with DNA as a security measure against tampering. In the case of the 
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wine bottles, a unique DNA code was extracted from the grapevine and combined with 
optical taggants or non-organic chemical markers, to form a DNA matrix. This matrix was 
mixed into inks and dyes for application to the label and a special handheld electronic scanner 
can be used to test for the presence of the DNA Matrix 
TM
 labels to protect premium vintage 
wines. The products security is further enhanced due to the fact that the DNA marker cannot 
be duplicated through reverse engineering and there are trillions of possible variants from any 
one DNA source (www.news.bbc.co.uk). 
In this paper we report a usefull DNA extraction protocol from Romanian wines and 
we demonstate succesfull SSR amplification in wines up to 1,5 years of age. These results are 
consistent with those obtained by other research teams (Savazzini and Martinelli, 2006, 
Drabek et al., 2008) suggesting that from loss prevention to identifying wine grapes, uses for 
DNA analysis will broaden over time. 
 
MATERIALS AND METHODS 
 
DNA extraction from grapevine cultivars (Tămâioasă Românescă, Galbenă de 
Odobeşti, Fetească Neagră and Busuioacă de Bohotin) leaves was carried out according to 
Lodhi et al. (1994) protocol and modified by Pop et al. (2003). 
Experimental wines (Tămâioasă Românescă, Galbenă de Odobeşti - white wines and 
Fetească Neagră, Busuioacă de Bohotin - red wines) were obtained according to the protocol 
described by Savazzini and Martinelli in 2006. Bottled wines were stored at 10 
0
C until DNA 
isolation. Samples of experimental wines were analyzed after 6, 12 and 18 months after the 
fermentation and filtering under sterile conditions. 
 Four kind of commercial wines (for which the grape cultivars were labeled) were 
purchased from a wine shop and came from a vineyard in Romania. The wines mentioned 
above were bottled in the 2009 and 2010 respectively. 
Prior to DNA isolation, 750 ml from each wine sample was concentrated and ethanol 
was removed using Rotavapor R-215 (Buchi, Germany). Wine concentrate (ca. 20 ml) from 
each sample was placed into a plastic centrifugation Falcon tube and three times subjected to 
freezing (-80 ºC )/ thawing (65 ºC ) successive for 25 minutes in order to better extraction of 
residual DNA. Thereafter, each sample was lyophilized using a freeze dryer Martin Christ 
Alpha 1-2 GmbH and pulverized with a laboratory mill (Grindomix GM 200- Retsch-
Germany). 
Lyophilized wine powder (10 mg) from each sample was put into a 500 μL sterilized 
Eppendorf microcentrifuge tube and 100 μL of QuickExtract Seed DNA Extraction Solution 
(Epicentre Biotechnologies, USA) was added. The samples were mixed with extraction 
solution by vortexing and heated at 65 
0
C for 6 minutes then at 98 
0
C for 2 minutes according 
to the protocol described by Epicentre Biotechnology Company. After DNA isolation, the 
samples were placed in ice for 2 minutes and stored in freezer at -20 
0
C in order to use them 
as template for PCR reactions. 
The concentration and purity of extracted DNA were determined using a Nanodrop 
ND-1000 Spectrophotometer (Thermo Scientific).  
Four microsatellite loci were analyzed: VVS2, VVS27, VVMD5, VVMD7. PCR 
amplifications were performed in a 96 Well Gradient Palm-Cycler CG1-96 (Corbett 
Research) in 15 μL reactions consist of 1.5 mM MgCl2, dNTP mix (Promega)100 μM, 1 x 
Buffer 5 X Go Taq Buffer, 1 μM of each primer, 0.5 U Go Taq Polymerase (Promega), H2O 
nuclease free water (Promega) and 2 μL DNA (30 ng/μL). 
The amplification protocol was optimized for each analyzed loci by touchdown PCR 
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programs: 1 cycle of 30 sec. at 95 ºC, followed by X cycles of decreasing temperature (value 
of X depends of each primer set melting temperature and the optimum of primers annealing 
temperature) and 1 min at 72 ºC. After a final extension for 7 min at 72 ºC the samples were 
stored at 4 ºC prior to analysis. The forward primer (Integrated DNA Technologies, USA), in 
each pair, was labelled with 5’ WellRed TM fluorescent dyes: D2 (black), D3 (green) or D4 
(blue). Each sample (1 μL volume) of PCR products were diluted with sample loading 
solution (30 μL), followed by the addition of Genomelab DNA Standard Kit-400 (0.3 μL) and 
electrophoresed in the CEQ 8800
TM
 capillary DNA analysis system (Beckman Coulter, 
Fullerton, CA, USA). Allele sizes were determined for each SSR locus using the Beckman 
CEQ fragment analysis software. The analyses were repeated at least twice to ensure 
reproducibility of the results.      
 
RESULTS AND DISCUSSION 
 
DNA concentrations from leaves grapevine cultivars analyzed were between 1110.8 
ng/μL and 2147.8 ng/μL with A260/A280 readings between 1.69-2.05. DNA concentration 
from analyzed wine samples ranged from 0.2 ng/μL to 231.4 ng/μL with purity between 1.61-
2.10 (Tab. 1). 
 
Tab. 1 
DNA concentration isolated from leaves and wines (experimental and commercial) from the four cultivars 
analyzed 
 
 
Cultivar 
DNA conc. 
from leaves 
ng/μL 
DNA 
concentration 
from 6 months 
old wine 
ng/μL 
DNA 
concentration 
from 12 months 
old wine 
ng/μL 
DNA concentration 
from 18 months old 
wine 
ng/μL 
DNA 
concentration 
from 24 
months old 
wine 
ng/μL 
Tǎmâioasǎ 
româneascǎ 
1941.5 231.4 
25.5- 
experimental 
wine 
3.1- commercial 
wine 
17.8- experimental 
wine 
1.8- commercial 
wine 
 
 
0.4 
Galbenǎ de 
Odobeşti 
2147.8 189.3 
16.4- 
experimental 
wine 
3.8 - commercial 
wine 
12.1- experimental 
wine 
1.5 - commercial 
wine 
 
 
0.6 
Feteascǎ 
neagrǎ 
1232.8 78.9 
14.4- 
experimental 
wine 
2.5 - commercial 
wine 
8.4- experimental 
wine 
1.2 - commercial 
wine 
 
 
0.2 
Busuioacǎ de 
Bohotin 
1110.8 55.4 
12.8- 
experimental 
wine 
2.2- commercial 
wine 
7.8- experimental 
wine 
0.78 - commercial 
wine 
 
 
0.2 
 
As it can be seen in, Tab. 1 in case of commercial wines DNA isolation was 
unsuccessfully due to insufficient amount of residual DNA in samples analyzed. In case of 
experimental wines, age and type of wine have influenced the amount of isolated DNA. 
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Considering the significant presence of Saccharomyces cerevisae DNA in wine, higher 
concentration values recorded in samples of DNA from experimental wines may be due to 
yeast DNA. 
 As expected (see Tab.1) concentration of DNA was poor in samples from commercial 
wines. An explanation of these results can be applied that technology to produce red and 
white commercial wines can cause degradation of DNA.  
Among the microsatellite tested, VVS2 and VVMD7 gave satisfactory results (see 
Tab. 2).  
Tab.2       
SSR genotypes using four nuclear loci, expressed as the size of the alleles in base pairs, obtained with DNA 
from leaves and experimental wines 
 
Cultivar 
Microsatellite (SSR) loci 
VVS2 VVMD27 VVMD5 VVMD7 
Leaves 
Tămâioasă românească 
135 191 226 
234 
233 
247 
Galbenǎ de Odobeşti 119 188 232, 224 238 
Fetească neagră 137 195 224, 237 238, 253 
Busuioacǎ de Bohotin 135 191 226, 234 233, 247 
Experimental wines – 6 
month old 
Tămâioasă - românească 
135 190 225 
236 
231 
247 
Galbenǎ de Odobeşti 119 185 231, 223 238 
Fetească neagră 138 197 225, 237 237, 253 
Busuioacǎ de Bohotin 135 191 226, 235 233, 246 
Experimental wines – 12 
month old 
Tămâioasă - românească 
134 190 225 
236 
231 
247 
Galbenǎ de Odobeşti 119 185 231, 223 238 
Fetească neagră 138 197 225, 237 237, 254 
Busuioacǎ de Bohotin 135 191 226, 235 233, 246 
 
Experimental wines –18 
month old 
Tămâioasă - românească 
134 190 - 231 
247 
Galbenǎ de Odobeşti 119 185 231 
223 
238 
Fetească neagră 136 - - - 
Busuioacǎ de Bohotin 136 - 226, 235 
 
231, 246 
 
The VVS2 marker, which generated the shortest PCR amplicons, amplified all of the 
cultivars analyzed in the 6, 12 and 18-month-old experimental wines. The 12-month-old wine 
samples were more amplified than the 18-month-old ones (Tab.2). 
Our results are consistent with other research teams (Faria et al., 2000; Baleiras-Couto 
and Eiras-Dias, 2006; Savazzini and Martinelli, 2006) and shows that SSR analysis can be 
successfully applied for the authentication of monovarietal wines analyzed (Fig.1). 
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Fig. 1.  Beckman Coulter CEQ 8800 TM fragment analysis image for “Busuioacă de Bohotin” 18 month and 12 
month old monovarietal wine samples  at the VVMD7 microsatellite locus. 
 
CONCLUSIONS 
 
In this paper we report a useful DNA extraction protocol from Romanian monovarietal 
wines obtained in experimental conditions and we demonstrate succesfull SSR amplification 
in wines up to 1,5 years of age. 
The results obtained in this research shows that even 18 months after wine 
fermentation could be detected residual DNA that can be suitable for DNA fingerprinting.  
To concentrate DNA from wine, lyophilization was adopted because it is useful 
without causing heat damage of the samples.  
 Among the microsatellite tested, VVS2 and VVMD7 gave satisfactory results and the 
VVS2 marker, which generated the shortest PCR amplicons (119-138 bp), amplified all of the 
cultivars analyzed in the experimental monovarietal wines samples.  
In case of commercial wines, authentication of grape material by PCR using wine as a 
biological material was unsuccessfully. The high concentration of polyphenols and other 
contaminant present in the PCR mix compared with the small amount of DNA present in each 
reaction (less than 1 ng) can negatively influence the activity of Taq polymerase. As the 
DNAs are decomposed by the DNase of S. cerevisiae during fermentation, PCR using suitable 
primers to amplify small-size DNA fragments (less than 2.5 kbp) can overcome this problem. 
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